INTRODUCTION {#sec1-1}
============

Glass ionomer cement is a commonly used material in pediatric dentistry. This cement is composed of calcium alumina silicate glass particles combined with polyacrylic acid. Mechanico-chemical bond to enamel and dentin is a distinguished characteristic of this cement. Fast application and gradual fluoride release have made this element one of the most commonly used materials in pediatric dentistry.\[[@ref1][@ref2]\] To establish an effective adhesion, close contact between the tooth structure and the glass ionomer cement is required. Yilmaz *et al.*\[[@ref3]\] have reported that the goal of conditioning is to eliminate smear layer and surface contamination that can reduce the cement\'s adhesion to the tooth surface, particularity dentinal surfaces. It has been shown that the conditioners' concentration and method and time of application can affect smear layer removal. It has also been stated that the acidic nature of glass ionomer cements can partially dissolve the smear layer. El-Askary and Nassif\[[@ref4]\] and Glasspoole *et al.*\[[@ref5]\] stated that conditioning of the tooth surface can increase the bond strength of the glass ionomer and lead to better adhesion to the dental hard tissue.

At first, it was believed that smear layer should be preserved to protect the pulp from toxic stimuli and reduce outward tubular flow. While using highly concentrated cements, water is absorbed from the dentinal tubules and causes sensitivity due to hydraulic pressure.

However, today it has been emphasized that smear layer does not provide a stable substrate for adhesion and bonding of the restorative material to the tooth surface. Gradually, this layer dissolves under restorative material as a result of hydrolysis process and results in microleakage, bacterial penetration and pulpal inflammation.\[[@ref3]\] Therefore, the smear layer should be either modified or completely dissolved and removed.

Since little research has been carried out concerning the effects of different conditioning agents on conventional glass ionomer with high-viscosity bond to the tooth structure and most of them have focused on studying the bond strength, especially in the permanent teeth and no study has compared the effects of these four conditioners (20% acrylic acid, 35% phosphoric acid, 12% citric acid, 17% ethylenediaminetetraacetic acid \[EDTA\]), this study was designed to investigate the microleakage of high-viscosity glass ionomer restorations in deciduous teeth after conditioning with four different conditioners.

MATERIALS AND METHODS {#sec1-2}
=====================

In this *in vitro* experimental study, 50 intact primary canines with no caries, restorations, fractures or cracks with root resorption of \<1/2 root length, that were extracted due to orthodontic interventions, were collected from pediatric dentists' private offices in a 6-month period and kept in 12% thymol solution at room temperature.

The remnant soft tissues were removed from the dental surfaces using a scalpel; then, they were cleaned by brush and low-speed handpiece and water. Afterwards, they were kept in distilled water at room temperature.

Standard class V cavities were prepared by one operator on all buccal tooth surfaces using sharp diamond flat fissure bur (Kavan 0/135/008, Iran) and high-speed rotary instrument (NSK, Japan) with water spray. The cavity dimensions were: 2 mm incisogingival length and 1.5 mm depth and 3 mm mesiodistal width. In all cavities, 1 mm of the cavity length was above and 1 mm of it was beneath cementum-enamel junction. A new bur was used for every 10 teeth. All teeth were placed in distilled water after cavity preparation.

Later, the specimen were randomly divided into five groups, each including ten teeth. In the first group (control group), after cavity preparation, rinsing and drying, a cotton pellet was placed in the cavity to avoid complete dehydration of the tooth,\[[@ref3]\] then the cotton was removed and the capsulated high-viscosity conventional glass ionomer (EQUIA, Fuji IX GP extra, GC Dental Co., Tokyo, Japan) was placed in the cavities according to the manufacture\'s recommendations (trituration was for 10 s at 4200 cpm) using its special applier.

In the second group, at first, cavity conditioning was carried out using 20% acrylic acid (Merck KGaA, Darmstadt, Germany) for 10 s by micro brushes and rubbing movements. Then, cavity was rinsed using water spray for 15 s and water and air spray for another 15 s. After that, a piece of cotton was placed in the cavity and gently dried for 5 s using air spray; then, the cotton was removed and the cavity was filled by glass ionomer restorative material.

In the third, fourth and fifth groups, respectively, all stages were the same as Group 2, except that 35% phosphoric acid gel (Ultra-Etch, Ultradent Productcls Inc., USA) for 10 s, 12% citric acid (Merck, Darmstadt, Germany) for 15 s and EDTA 17% (Merck, Darmstadt, Germany) for 60 s were used as conditioners.

After cavity filling, polishing, coating with GC Fuji varnish and storing the teeth in distilled water at room temperature for 24 h, the specimens were subjected to thermocycling procedures 500 times at a range of 5-55°C with an immersion time of 30 s. (First, 5°C ± 2°C, then, room temperature, next, 55°C ± 5°C, after that, back to room temperature and finally, 5°C ± 2°C).

After thermocycling, all of the teeth apices were sealed using sticky wax and all the teeth surfaces as well as the mesial and distal margins of the restoration up to 1 mm of the incisal and gingival margins were covered with two layers of nail polish to eliminate any unwanted dye penetration.

The specimens were soaked in 2% fuchsin dye solution for 24 h. After removing them from the solution, they were washed with water, the nail polish was removed and each tooth was cut buccolingualy along the tooth\'s long axis direction using a diamond disc and cutting machine (Vafain industry, Tehran, Iran), Later, each one of the prepared mesial and distal sections was numbered. The amount of microleakage was determined by three individuals separately, using a stereomicroscope with 28 times magnification. For each tooth, the highest amount of microleakage obtained was used for microleakage grading procedure.

Marginal leakage classification was based on color penetration in incisal and gingival margins of the restorations as follows:

Incisal margin (enamel):

0 = No dye penetration in tooth restoration interface.1 = Dye penetration in tooth restoration interface which at most has spread to the dentino-enamel junction (DEJ).2 = Dye penetration in tooth restoration interface which at most has passed DEJ, but has not reached the axial wall of the cavity.3 = Dye penetration in tooth restoration interface which at most has reached the axial wall of the cavity.4 = Lateral dye penetration in enamel that has reached the dentin.

Gingival margin (dentin):

0 = No dye penetration in tooth restoration interface.1 = Dye penetration in tooth restoration interface which has spread to less than1/2 of the distance to the axial wall.2 = Dye penetration in tooth restoration interface which has spread to more than 1/2 of the distance to the axial wall.3 = Dye penetration in tooth restoration interface that has reached the axial wall.4 = Lateral dye penetration in dentin that has reached the pulp.\[[@ref6]\]

For statistics, all microleakage grades of the specimens were recorded in prepared forms. Then, considering the number of each specimen, the grades of each group were collected.

Two-way ANOVA, Kruskal--Wallis and Mann--Whitney tests were used to compare the mean microleakage between the five groups. The significance level was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows the mean of microleakage in different groups based on incisal or gingival margins.
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Mean microleakage in different groups based on incisal and gingival margins
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The two-way ANOVA revealed that there was no significant difference between the means of microleakage in incisal (enamel) and gingival (dentin) margins (*P* = 0.34). Furthermore, the Mann--Whitney test showed that there was no significant difference between the microleakage in enamel and dentin margins (*P* = 0.4). [Figure 1](#F1){ref-type="fig"} shows the mean of microleakage in enamel and dentin margins.
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The two-way ANOVA also showed a significant difference between the means of microleakage in different groups (*P* = 0.03), which means the type of the conditioner affects the amount of microleakage. Furthermore, the Kruskal--Wallis test confirmed these results and showed that the amount of microleakage was not equal in all five groups (*P* = 0.04). [Figure 2](#F2){ref-type="fig"} shows the mean of microleakage in different groups based on the type of the conditioner.
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The mean of microleakage in EDTA and acrylic acid groups was significantly less than citric and phosphoric acid groups (*P* = 0.04 and *P* = 0.045, respectively). The citric acid and phosphoric acid groups showed no significant difference regarding the amount of microleakage (*P* = 0.33).

The amount of microleakage was significantly higher in the control groups compared with other groups (*P* = 0.045).

DISCUSSION {#sec1-4}
==========

Mechanico-chemical bond to both enamel and dentin is an important feature of the glass ionomer cements. The hydrophilic free carboxyl groups within the cement bond to the dentin and increase the surface wetness in order to make hydrogenic bonds between the two surfaces. Ion exchange occurs between the two surfaces and calcium ions exchange with phosphate ions.\[[@ref2]\] A close contact between the dental structure and glass ionomer is required for an effective adhesion. Some researchers have reported that conditioning of the dental surfaces increases the glass ionomer\'s bond strength and leads to better adhesion to dental hard tissue.\[[@ref3][@ref4]\]

Different materials such as 5% and 12% citric acid, 10%, 20% and 25% acrylic acid, 17% EDTA, and 35% phosphoric acid have been used to condition dental surfaces.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Many researches have shown a decrease in the amount of microleakage and an increase in the bond strength of the glass ionomer to dental surfaces using different conditioners.\[[@ref3][@ref5][@ref10][@ref11][@ref12][@ref13][@ref14]\] Some researchers believe that the acidic nature of glass ionomer causes partial dissolution of the smear layer; so, there is no benefit in applying conditioners. The residual dentin\'s thickness can be the cause of the conflicting results reported in different studies.\[[@ref12][@ref15][@ref16]\]

This study showed that using conditioners results in significantly lower microleakage compared to the control group (no conditioner) (*P* \< 0.05). This could be due to the elimination of debris, removal of smear layer, enamel rod exposure, partial demineralization and formation of microprosities in the enamel and dentinal surfaces, which results in an increased surface for chemical and microchemical bonding.\[[@ref3][@ref5]\] Birkenfeld and Schulman\[[@ref17]\] have reported that etching the enamel before conventional glass ionomer application leads to formation of an undetectable morphologic unit with enamel and decreases the microleakage. Glasspoole *et al.*\[[@ref5]\] showed that using 10% polyacrylic acid for 20 s or 35% phosphoric acid for 15 s on enamel surface results in higher bond strength in Fuji II conventional GI. Scanning electron microscopic (SEM) studies by Castro and Feigal\[[@ref10]\] and Yilmaz *et al.*\[[@ref3]\] showed a decreased microleakage and a close contact at the enamel/restoration interface following the application of different conditioners in cavities filled by Fuji IX glass ionomer.

In this study, there was a statistically significant difference between microleakages using different conditioners (*P* \< 0.05) and the least amount of microleakage was reported for 20% acrylic acid and 17% EDTA. Many studies have mentioned acrylic acid as an excellent conditioner for increasing the bond strength between dentin and glass ionomer.\[[@ref5][@ref11][@ref12][@ref18]\] In his research, Powis *et al.*\[[@ref19]\] suggested acrylic acid as the most effective conditioner. This acid has little effect on dental tissues and removes the smear layer and surface contamination without opening the dentinal tubules more than needed.\[[@ref3]\] GC-conditioner is also available and recommended by the manufacturer, but it is not included in the package.

In an SEM study, Tanumiharja *et al.*\[[@ref12]\] reported that there was no smear layer in dentinal tubules and Fuji IX cement matrix had penetrated into the demineralized dentin following the use of 20% acrylic acid, which was in accordance with the present study. Although having neutral pH, EDTA can dissolve the mineral phase of the dentin without affecting the dentinal proteins. It has been claimed that EDTA causes slight amounts of demineralization which facilitates penetration to dentin and adhesion to residual minerals without opening the dentinal tubules excessively.\[[@ref20][@ref21]\] Studies that have shown an increase in the glass ionomer bond to the tooth tissue following the use of EDTA are in line with this study.\[[@ref4][@ref20]\]

In this study, the mean of microleakage was significantly higher in the 12% citric acid and 35% phosphoric acid groups compared with the acrylic acid and EDTA groups. In addition to removing smear layer, phosphoric acid also removes a large amount of minerals, which results in a decreased level of surface calcium and phosphorus for adhesion purposes.\[[@ref4]\] Phosphoric acid also results in a vast opening of the dentinal tubules. This feature can be significant, while using resin modified glass ionomers where penetration of hydroxyethylmethacrylate monomer tags into dentinal tubules and collagen network is of a great value for increasing the bond strength.\[[@ref4][@ref5][@ref12][@ref20]\] This is not, however, an advantage whilst using conventional glass ionomer.

Conventional glass ionomers bond to enamel, even with the presence of a smear layer, but surface conditioners have been found to improve the bond strength.\[[@ref5][@ref13]\] In this study, there was not a significant difference between the mean microleakage in enamel or dentinal margins, which could be due to similar mineral composition.\[[@ref5]\]

CONCLUSION {#sec1-5}
==========

Within the limitations of this study 20% acrylic acid and 17% EDTA are suggested to be used for cavity conditioning, which can result in better chemical and micromechanical adhesion.
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